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(21) APPL No. 10/631,775 Acapacitive-type acceleration sensor includes a sensor chip 
that forms a moving electrode and a ?xed electrode. The 

(22) Filed; Aug 1, 2003 electrodes face each other While maintaining a detection gap. 
The sensor chip is joined to a circuit chip integrally. The 

(30) Foreign Application Priority Data circuit chip is mounted on a package via a resin adhesive. 
The adhesive is mixed With a ?ller of a material having a 

Aug. 2, 2002 (JP) .................................... .. 2002-225701 Young’s modulus higher than that of the resin. 
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CAPACITIVE-TYPE ACCELERATION SENSOR 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is based on and incorporates 
herein by reference Japanese Patent Application No. 2002 
225701 ?led on Aug. 2, 2002. 

FIELD OF THE INVENTION 

[0002] This invention relates to a capacitive-type accel 
eration sensor equipped With a sensor chip that has a moving 
electrode and a ?xed electrode. 

BACKGROUND OF THE INVENTION 

[0003] A capacitive-type acceleration sensor is equipped 
With a sensor chip having a moving electrode and a ?xed 
electrode formed in an opposing manner on a semiconductor 
substrate maintaining a detection gap. When acceleration is 
applied in this sensor chip, the moving electrode and the 
?xed electrode vibrate relative to each other, Whereby the 
opposing distance betWeen the tWo electrodes varies. The 
acceleration that is applied is detected based upon a change 
in the capacitance betWeen the tWo electrodes accompanying 
the variation in the distance. 

[0004] In the acceleration sensor of this type, it is pro 
posed to join a sensor chip and a circuit chip having a 
function such as processing the sensor output, and attach 
these tWo chips onto a package such as of ceramics via a 
resin adhesive. 

[0005] When the acceleration is applied in this proposed 
structure, hoWever, the adhesive Works as a spring and the 
assembled structure on the adhesive resonates, Whereby the 
vibration affects the vibration of the moving and ?xed 
electrodes in the sensor chip, i.e., affects the vibration of the 
sensing unit. 

[0006] FIG. 4 is a diagram schematically illustrating 
vibration frequency characteristic in the proposed capaci 
tive-type acceleration sensor, Wherein the abscissa repre 
sents the frequency f and the ordinate represents the reso 
nance magni?cation K With Which the vibration is ampli?ed 
by the sensing unit and by the adhesive. FIG. 5 is a diagram 
schematically illustrating a relationship betWeen the vibra 
tion frequency f and the amplitude magni?cation K of 
vibration in the sensor. 

[0007] In this proposed sensor, the sensing unit in the 
sensor chip has a predetermined resonance frequency fa, and 
the resonance frequency characteristic of the sensing unit is 
represented by a curve Ain FIG. 4. The resonance frequency 
fa of the sensing unit is utiliZed to determine the frequency 
used for the measurement, i.e., to determine the range of 
frequencies Rf to be measured. 

[0008] The external G is the external acceleration applied 
to the sensor from the outer side. The external acceleration 
is applied to the sensor as vibration of a magni?cation of 1. 
When the vibration system is not resonating With the adhe 
sive as a spring, the external acceleration is ampli?ed based 
on the vibration frequency characteristic of the sensing unit. 
In this instance, desired output characteristic is de?ned as 
represented by a solid-line curve L1 in FIG. 5. 
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[0009] When a general resin adhesive is used, hoWever, 
the resonance frequency fb of the vibration system With the 
adhesive as a spring approaches the resonance frequency fa 
of the sensing unit as represented by a curve B in FIG. 4. 

[0010] Therefore, even if external acceleration is applied 
as vibration of the magni?cation of 1, an ampli?ed vibration 
of external acceleration due to the resonance of the vibration 
system With the adhesive as a spring is given to the assembly 
structure, i.e., given to the sensor chip and to the circuit chip. 

[0011] Thus, the sensing unit detects an acceleration that 
is greater than an external acceleration that is really applied. 
As a result, as represented by a broken-line curve L2 in FIG. 
5, there is produced a sensor output greater than the external 
acceleration that is really applied, and an output error occurs 
relative to the desired output characteristic L1. 

[0012] Thus, the output error increases as the resonance 
frequency fb of the vibration system With the adhesive as a 
spring approaches the resonance frequency fa of the sensing 
unit. 

SUMMARY OF THE INVENTION 

[0013] In vieW of the above problems, therefore, it is an 
object of the present invention to improve a capacitive-type 
acceleration sensor in Which a sensor chip forming a moving 
electrode and a ?xed electrode is joined to a circuit chip 
integrally together, and the circuit chip is mounted on a 
package via a resin adhesive. Speci?cally it is an object to 
suppress an error in the sensor output caused by the ampli 
?cation of vibration of the sensing unit due to the resonance 
of the vibration system With the adhesive as a spring. 

[0014] The present invention is based on inventor’s ?nd 
ings that that the resonance frequency of the vibration 
system With the adhesive as a spring increases With an 
increase in the rigidity of the resin adhesive, i.e., increases 
With an increase in the Young’s modulus of the adhesive, and 
can be separated aWay from the resonance frequency of the 
sensing unit. 

[0015] According to the present invention, a capacitive 
type acceleration sensor has a sensor chip forming a moving 
electrode and a ?xed electrode facing each other While 
maintaining a detection gap. This sensor chip is joined to a 
circuit chip integrally together, and the circuit chip is 
mounted on a package via a resin adhesive. The adhesive is 
mixed With a ?ller of a material having a Young’s modulus 
higher than that of the resin. 

[0016] With the adhesive being mixed With a ?ller of a 
material having a Young’s modulus higher than that of the 
resin, then, the Young’s modulus can be increased in the 
adhesive as a Whole. 

[0017] Namely, as shoWn in FIG. 6A, the resonance 
frequency fb of the vibration system With the adhesive as a 
spring can be increased so as to be separated aWay from the 
resonance frequency fa of the sensing unit. It is thus made 
possible to suppress an error in the sensor output caused by 
the ampli?cation of vibration of the sensing unit stemming 
from the resonance of the vibration system With the adhesive 
as a spring. 

[0018] Namely, as shoWn in FIG. 6B, the amplitude 
magni?cation of vibration of the sensing unit represented by 
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a broken-line curve approaches the desired output charac 
teristic represented by a solid-line curve to suppress an error 
in the sensor output. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The above and other objects, features and advan 
tages of the present invention Will become more apparent 
from the following detailed description made With reference 
to the accompanying draWings. In the drawings: 

[0020] FIG. 1 is a sectional vieW schematically illustrat 
ing a capacitive-type acceleration sensor according to an 
embodiment of the present invention; 

[0021] FIG. 2 is a graph schematically illustrating a 
relationship betWeen the Young’s modulus of the adhesive 
and the resonance frequency of the embodiment; 

[0022] FIGS. 3A to 3C are diagrams illustrating various 
patterns for arranging adhesives in the embodiment; 

[0023] FIG. 4 is a graph schematically illustrating vibra 
tion frequency characteristic of a capacitive-type accelera 
tion sensor; 

[0024] FIG. 5 is a graph schematically illustrating a 
relationship betWeen the vibration frequency and the ampli 
tude magni?cation of vibration in a capacitive-type accel 
eration sensor; and 

[0025] FIGS. 6A and 6B are graphs illustrating the effect 
of the embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0026] Referring to FIG. 1, a capacitive-type acceleration 
sensor S1 has a sensor chip 10 formed of a semiconductor 
substrate such as of silicon by Way of a knoWn semicon 
ductor process. This sensor S1 uses an SOI (silicon-on 
insulator) substrate obtained by joining a second silicon 
substrate 12 onto a ?rst silicon substrate 11 via an oXide ?lm 
13. 

[0027] In the sensor chip 10 of this embodiment, grooves 
are formed in the second silicon substrate 12 to sectionaliZe 
the moving electrodes 14 and the ?Xed electrodes 15 via the 
grooves. The moving and ?Xed electrodes 14 and 15, respec 
tively, may be formed in a Well-knoWn comb teeth-like beam 
structure. 

[0028] Detection gaps 16 are maintained betWeen the 
moving electrodes 14 and the ?Xed electrodes 15; i.e., the 
tWo electrodes 14 and 15 are facing each other via the 
detection gap 16, and a detection capacitance is formed 
betWeen the detection gaps 14 and 15. 

[0029] When the acceleration is applied, therefore, the tWo 
electrodes 14 and 15 vibrate relative to each other, Whereby 
the opposing distance betWeen the tWo electrodes 14 and 15 
or the detection gap 16 varies, and the applied acceleration 
is detected based upon a change in the capacitance betWeen 
the tWo electrodes 14 and 15 caused by a variation in the 
distance. Thus, the moving and ?Xed electrodes 14 and 15 
are constituted as a sensing unit. 

[0030] In the sensor chip 10, further, the ?rst silicon 
substrate 11 and the oXide ?lm 13 are removed from the 
portions corresponding to the moving and ?Xed electrodes 
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14 and 15, thereby to form a cavity 17. The moving and ?Xed 
electrodes 14, 15 are liberated in an upper part of the cavity 
17 so as to vibrate relative to each other. 

[0031] In the sensor chip 10 of this embodiment, for 
eXample, grooves are formed from, the surface of the second 
silicon substrate 12 by trench etching to de?ne the moving 
and ?Xed electrodes 14 and 15, While the cavity 17 is formed 
from the side of the ?rst silicon substrate 11 by anisotropic 
etching of silicon. 

[0032] The sensor chip 10 is joined to the circuit chip 30 
via an adhesive ?lm 20 having a high rigidity. The circuit 
chip 30 has a function to process the output signals from the 
sensor chip 10 and to send them to an external unit, and is 
made of a semiconductor substrate such as silicon. The 
adhesive ?lm 20 may be a dicing tape of a resin used for 
dice-cutting. 

[0033] The circuit chip 30 to Which the sensor chip 10 is 
integrally joined is mounted on a package 50 via a resin 
adhesive 40. Here, the adhesive 40 is applied and cured to 
accomplish the adhesion. The package 50 is made of ceram 
ics and is mounted on a body to be measured, such as an 
automobile. 

[0034] When the acceleration is applied to the capacitive 
type acceleration sensor S1, a change occurs in the capaci 
tance in the sensing unit, i.e., betWeen the moving and ?Xed 
electrodes 14 and 15, and the applied acceleration is detected 
based upon the change in the capacitance. Here, vibration 
occurs With the adhesive 40 as a spring and With the 
assembled structure including the circuit chip 30 and the 
sensor chip 10 as a mass unit. 

[0035] In order to prevent the vibration of the moving and 
?Xed electrodes 14 and 15 from being ampli?ed by the 
resonance of the vibration system With the adhesive as a 
spring according to this embodiment, the adhesive 40 is 
miXed With ?ller of a material having a Young’s modulus 
larger than that of the resin. 

[0036] The ?ller are used for the folloWing reasons. In the 
vibration system With the adhesive 40 as a spring, it has been 
knoWn that the resonance frequency fb of the assembled 
structure (10, 30) Which is the mass unit varies in 
proportion to the one-half poWer of the area of adhesion of 
the adhesive 40, (ii) varies in proportion to the tWo-thirds 
poWer of the thickness of the adhesive agent 40, and (iii) 
varies in proportion to the one-half poWer of the Young’s 
modulus E of the adhesive 40. 

[0037] Among them, the above and (ii) face relatively 
much limitation from the standpoint of the shape and siZe of 
the sensor and maintaining the adhesion strength. It is 
therefore contrived to increase the Young’s modulus E of the 
adhesive agent 40. FIG. 2 is a diagram schematically 
illustrating a relationship betWeen the Young’s modulus E of 
the adhesive 40 and the resonance frequency fb of the 
assembled structure (10, 30). As understood from FIG. 2, 
the resonance frequency fb of the assembled structure 
increases With an increase in the Young’s modulus E of the 
adhesive agent. 

[0038] As shoWn in FIG. 4, the resonance frequency of 
the assembled structure is normally close to the resonance 
frequency fa of the moving and ?Xed electrodes 14, 15. In 
this embodiment, hoWever, the resonance frequency fb of 
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the assembled structure is increased by increasing the 
Young’s modulus E of the adhesive in order to separate the 
tWo resonance frequencies fa and fb aWay from each other. 

[0039] If the adhesive 40 is mixed With ?ller of a material 
having a Young’s modulus higher than that of the resin of the 
adhesive, then, the Young’s modulus of the adhesive 40 as 
a Whole can be increased. 

[0040] Therefore, since the resonance frequency fb of the 
vibration system With the adhesive 40 as a spring can be 
increased to be more aWay from the resonance frequency fa 
of the ?xed and moving electrodes 14 and 15, the ampli? 
cation of vibration of the moving and ?xed electrodes 14 and 
15 caused by the resonance of the vibration system With the 
adhesive 40 as a spring can be suppressed. 

[0041] Thus, an error in the sensor output is suppressed. 
Namely, the embodiment makes it possible to obtain output 
characteristic closer to the desired output characteristic 
represented by the solid-line curve L1 in FIG. 5. By 
separating the tWo resonance frequencies fa and fb aWay 
from each other, the amplitude magni?cation K of vibration 
in the sensing unit of the embodiment can be brought close 
to the desired output characteristic represented by the solid 
line curve, and an error in the sensor output can be sup 
pressed as illustrated in FIG. 6B. 

[0042] In the adhesive 40 mixed With ?ller of a material 
having a Young’s modulus higher than that of the resin of the 
adhesive, an epoxy resin can be used as the resin, and a metal 
or a glass can be used as the ?ller or, more speci?cally, silver 
?ller can be used. The Weight ratio of the ?ller can be 
selected to be, for example, about several tens of-percent. 

[0043] It is, of course, alloWable to increase the Young’s 
modulus of the adhesive 40 by varying the molecular Weight 
by changing the degree of polymeriZation of the resin in the 
adhesive 40. 

[0044] As the patterns for arranging the adhesive 40, 
various patterns are proposed. The adhesives 40 may be 
arranged at four corners on the circuit chip 30 as shoWn in 
FIG. 3A. The adhesives 40 may be arranged in a crossing 
manner as shoWn in FIG. 3B. The adhesive 40 may be 
arranged on the circuit chip 30 at one central point as shoWn 
in FIG. 3C. 

[0045] Among these patterns, the adhesion at four corners 
or the adhesion in a crossing manner encounters such a 
dif?culty that the corner portions of the circuit chip 330 or of 
the sensor chip 10 undergo a displacement due to the thermal 
stress caused by a change in the temperature, and the sensor 
chip 10 is deformed to a large extent. With the central 
one-point adhesion, on the other hand, the corners of the 
circuit chip 330 are liberated from the package 50 and, hence, 
the deformation of the sensor chip 10 by the thermal stress 
is small. 

[0046] When the sensor chip 10 deforms due to the 
thermal stress, the opposing area betWeen the moving elec 
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trode 14 and the ?xed electrode 15 ?uctuates to adversely 
affect the temperature characteristic of the sensor. In this 
regard, it is desired that the adhesive 40 is arranged at the 
central portion of the circuit chip 330 like the central one 
point adhesion. 

[0047] In arranging the adhesive 40, it may often be 
dif?cult to apply the adhesive 40 in compliance With the 
pattern. In such a case, the adhesion surfaces of the circuit 
chip 330 or of the package 50 may be formed rugged to 
realiZe any adhesion pattern. 

[0048] The present invention should not be limited to the 
disclosed embodiment, but may be implemented in many 
other Ways Without departing from the spirit of the inven 
tion. 

What is claimed is: 
1. A capacitive-type acceleration sensor comprising: 

a sensor chip forming a moving electrode and a ?xed 
electrode facing each other While maintaining a detec 
tion gap; 

a circuit chip jointed to the sensor chip integrally; 

a package; and 

an adhesive provided to attach the circuit chip to the 
package, characteriZed in that 

the adhesive is a mixture of resin and ?ller mixed With 
the resin and having a Young’s modulus higher than 
that of the resin. 

2. A capacitive-type acceleration sensor according to 
claim 1, Wherein the ?ller is a metal or a glass. 

3. A capacitive-type acceleration sensor according to 
claim 2, Wherein the ?ller is silver. 

4. A capacitive-type acceleration sensor according to 
claim 1, Wherein the adhesive is arranged at only a central 
portion of the circuit chip. 

5. A capacitive-type acceleration sensor comprising: 

a sensor chip forming a moving electrode and a ?xed 
electrode facing each other While maintaining a detec 
tion gap to capacitively sense acceleration applied 
thereto, the sensor chip having a ?rst resonance fre 
quency; 

a package; and 

a resin adhesive provided to attach the sensor chip to the 
package, the resin adhesive operating as a spring to 
form a resonance system having a second resonance 
frequency higher than the ?rst frequency, 

Wherein the resin adhesive includes a ?ller to increase the 
second resonance frequency than When no ?ller is 
mixed. 


